Objective: We evaluated BOLD correlates of alertness fluctuations commonly seen during prolonged EEGfMRI studies to better define the brain areas active at different phases of vigilance and to assess the contribution of these fluctuations to the BOLD signal. Methods: We evaluated BOLD changes specifically related to the main physiological EEG rhythms (alpha, beta, theta, delta, spindles) in 15 epilepsy patients with rare discharges (all the regressors were included in the same general linear model to improve specificity). Results: We found a consistent effect of spindles, alpha and theta. For alpha, BOLD was positively correlated in thalami and putamen, and negatively correlated in the occipital, parietal and frontal lobes. For theta, a negative correlation was found over the parietal, temporal and frontal lobes. Spindles were correlated with a positive BOLD in thalami and putamen. Rhythm regressors added as confounds in the fMRI analysis explained at least 5% of BOLD signal variance in 6.8 ± 8.9% of gray matter voxels, a contribution which is of the order of typical changes in fMRI studies. Conclusion: First, we found specific cerebral structures involved in each main EEG rhythm generation. Second, fluctuations of these rhythms following vigilance changes are responsible for noteworthy BOLD changes. Significance: Physiological EEG rhythms may be integrated to the analysis of EEG-fMRI in studies with fluctuation of alertness, to eliminate possible confounding factors.
Introduction
Physiological mechanisms underlying the fluctuation of vigilance are still poorly understood. Several studies tried with different approaches to analyze them and to define different brain states (positron emission tomography (PET), single-photon emissioncomputed tomography, EEG, fMRI). The brain state can be defined by the characteristics of electrical brain oscillations. EEG oscillations reflect the activity of different neuronal networks defined by different oscillation frequencies (Lopes da Silva and Pfurtscheller, 1999) ranging between slow and fast activity (delta: 0.5-4 Hz; theta: 4-8 Hz; alpha: 8-12 Hz; beta: 12-30 Hz; gamma: >30 Hz; spindles: 11-15 Hz). The features of each oscillatory mode (extent of rhythm and location) and the transition between these oscillatory modes (Lopes da Silva and Pfurtscheller, 1999) could help to define the brain state. The analysis of rhythms (alpha, theta, delta and spindles) is used as one of the factors defining sleep stages (Rechtschaffen and Kales, 1968) . At rest, fluctuations of these EEG rhythms reflect variations in alertness.
Functional magnetic resonance imaging (fMRI) measures the metabolic and hemodynamic changes (blood oxygen level-dependent, BOLD) related to neuronal activity induced by motor, sensory or cognitive tasks. With simultaneous EEG recording, BOLD correlates of EEG events can also be studied, such as epileptiform events (Gotman et al., 2006) or evoked potential (Horovitz et al., 2002; Bénar et al., 2007) . In the same way, EEG-fMRI can be used to analyze the BOLD effect of each type of EEG oscillation.
This has been studied in healthy subjects with emphasis on the alpha rhythm (Goldman et al., 2002; Moosmann et al., 2003; Laufs et al., 2003a , 2006 , de Munck et al., 2007 Gonçalves et al., 2006; Feige et al., 2005; Kotajima et al., 2005) . With respect to the other rhythms related to sleep, such as theta (Laufs et al., 2003b; Scheeringa et al., 2007) , beta (Moosmann et al., 2003; Laufs et al., 2006) , delta rhythms and sleep spindles (Schabus et al., 2007) , the literature is not as rich and the impact of their modulation on the BOLD signal is not as clear. However, methods used in all these studies did not distinguish the BOLD effect of each specific rhythm. Their results could mix BOLD effects of two or more rhythms if these rhythms have a correlated time course. Moreover, most studies analysed the rhythm during a short recording inside the scanner. This reduces the probability of recording fluctuations related to the state of vigilance.
